We isolated, from raw milk, one species of Clostridium capable of growing at 0 C and one whose minimal growth temperature is 4 C. This paper reports their isolation, identification, and characteristics.
MATERIALS AND METHODS Isolation. Forty-eight samples of raw milk from different farm tanks were obtained from a milk processing plant in February and March, refrigerated during transit to the laboratory, and tested immediately. The samples (60 ml of each, in 130-ml glass stoppered bottles) were held at 80 C for 10 min in a water bath, the bottles were filled to capacity with double-strength fluid thioglycolate medium (BBL), and the diluted samples were stored at 4 C for 4 weeks and examined for microbiological spoilage.
Material from each spoiled enrichment culture was inoculated into a test tube containing fluid thioglycolate medium, sealed with Vaspar (17) , and incubated at 15 C until growth occurred. The resulting cultures were transferred to thioglycolate agar (fluid thioglycolate medium with 1.8% agar added) in Prichett-Miller tubes (4), sealed with Vaspar, and incubated at 15 C. Single colonies were selected, the isolation procedure was repeated, and the resulting cultures were stored in a refrigerator in tubes of fluid thioglycolate medium sealed with Vaspar.
Identfication tests. Isolates were identified according to Bergey's Manual (2) . Cell morphology, cell arrangement, cell size, motility, and presence of spores were determined by phase microscopy. Analyses for biochemical and microbiological characteristics were done by published procedures (17) . The basal medium for determining fermentation of carbohydrates had the composition of thioglycolate medium without added dextrose (BBL), except that we used bromothymol blue instead of methylene blue as indicator.
Enumeration and growth measurements. An anaerobic jar was used for experiments involving growth of the organisms on plates or in unsealed tubes. An oxygen scavenger (10) was placed in the jar to ensure that the conditions were anaerobic. The jar was flushed twice with nitrogen and filled with nitrogen.
For determining ability to grow at different temperatures (O to 50 C), the isolates were tested in fluid thioglycolate medium in tubes sealed with Vaspar and incubated in a thermostatically controlled water bath. Minimal, optimal, and maximal growth temperatures were determined from visual observations made at least daily for 14 days. Specific growth rates at 4.4, 7.2, 10, and 15 C were determined for one isolate in Thunberg tubes. The culture was transferred periodically at each temperature until it reached the steady state of growth, described by Shehata and Marr (15) . Subsequently, growth was determined periodically without opening the Thunberg tubes, by measuring turbidity with a Klett-Summerson colorimeter with filter no. 54.
Spore preparation. An isolate was grown anaerobically at 25 C for 7 to 10 days on slants of fluid thioglycolate agar in 8-oz prescription bottles (ca. 237 ml). The spores were harvested in sterile distilled water and purified by alternately centrifuging and suspending them three times in 0.1 M phosphate buffer. They then were resuspended in a small volume of buffer and stored at 4 C.
Heating methods. 'Heat resistance of spores was determined in 80-ml quantities of reconstituted skim milk (10%) that had been heated for 10 min at 121 C in 250-ml Erlenmeyer flasks especially constructed with long necks (11 cm) and equipped with magnetic stirrers to permit continuous agitation. A flask of skim milk was immersed in a thermostatically controlled mineral oil bath, leaving exposed only 3 cm of the top of the neck. After a predetermined comeup time (determined separately for each temperature used), 1.0 ml of spore suspension was added aseptically. Samples were removed immediately and subsequently at predetermined time intervals, with care not to touch the inside of the neck of the flask with the pipette. Samples were placed immediately in sterile test tubes in an ice-water bath. Subsequently, they were plated on thioglycolate agar with 0.1% starch added to enhance the germination of spores. The plates were incubated anaerobically 4 days at 25 C, and the colonies were counted.
RESULTS
Four of 48 raw milk samples contained catalase-negative, gram-positive, motile, sporeforming rods that grew at 4 C. Each of the four cultures isolated was anaerobic, but two grew slowly on aerobic agar slants and thus were anaerobic and aerotolerant (2) . The biochemical and microbiological characteristics that we determined for the two strict anaerobes matched those described in Bergey's Manual for C. hastiforme. Those for the two aerotolerant isolates matched those for C. carnis. In addition to determining microbiological characteristics of organisms and colonies, we studied fermentation of carbohydrates (glucose, mannitol, lactose, xylose, sucrose. maltose, mannose, glycerol, and cellulose), gelatin liquefaction, hemolysis, nitrate reduction, action on skim milk, and growth in brain-heart infusion broth.
The two strictly anaerobic isolates (C. hastiforme) did not grow at temperatures below 4 C, but the aerotolerant isolates (C. carnis) grew slowly at 0 1 C. The optimal growth temperature for each of the cultures was 22 to 30 C, and the maximal temperatures were 40 C (C. hastiforme) and 37 C (C. carnis). Specific growth rates and doubling times were determined in fluid thioglycolate medium for one isolate of C. hastiforme (strain A) and are given in Table 1 .
Strain A of C. hastiforme was tested for ability to grow in pasteurized milk stored in commercial milk cartons. For the experiment, half-pint cartons of pasteurized milk, selected from the middle of a commercial run to minimize contamination from processing equipment, were inoculated with spores or vegetative cells of strain A, stored at 7.2 C, and examined daily for spoilage. A putrid odor was detected in the milk inoculated with vegetative cells of C. hastiforme (1.6 x 105/ml) after it had been stored for 4 days, and similar spoilage of the milk inoculated with spores (8.5
x 104/ml) was detected after storage for 6 days, whereas the milk in uninoculated control cartons was not spoiled and was discarded after storage for 8 days.
Spores of strain A (C. hastiforme) were tested for resistance to heating. Plots of the survivors against times of heating (Fig. 1) indicated a lag in destruction of the spores during the initial periods of heating, probably due to activation of the spores by heating. D values, the time required for a survivor curve to transverse one log cycle (11, 18) , as determined from the straight portions of the survivor curves, were 6, 4.5, 3.5, and 1.6 min at 82.5, 85, 87.5, and 90 C, respectively. The z value (11, 18) (14) indicates that psychrophilic bacilli grow faster at low temperatures than the psychrophilic clostridia we isolated and studied. Nevertheless, our data and those of Shehata et al. (14) suggest that both types grow somewhat faster in milk than in broth. The doubling times for psychrophilic bacilli were less in milk than in Trypticase soy broth (14) , and, judging from the doubling time found for C. hastiforme in fluid thioglycolate medium (39 hr), spoilage of the pasteurized milk stored at 7.2 C was detected after only 2.5 or 3.0 generations of the organism. This indicates that the plate count of the milk at the time of detecting spoilage was only about 1.0 x 106/ml, which is somewhat below the expected (3).
Studies on heat resistance show that the spores of psychrophilic clostridia and bacilli are more sensitive to heating than are the spores of mesophilic bacteria. Calculations from our data give 0.6 min as the D value at 95 C for spores of C. hastiforme; the D values at 95 C for spores of psychrophilic species of Bacillus are 1.4 to 2.4 min (13); and those for spores of mesophilic bacteria are considerably higher (9, 18) . Mikolajcik (9) found mesophilic strains of the species of Bacillus studied by Shehata and Collins (13) to have D values at 95 C of 4.75 to 20.5 min. Spores of psychrophilic clostridia and bacilli should be readily destroyed by sterilization treatments designed to destroy the spores of mesophilic bacteria, though they obviously are not destroyed by the lower temperatures used in pasteurizing milk. Our finding that C. hastiforme, similar to some mesophilic clostridia studied by Hussong and Hammer (5), will produce defects (putrid odor and coagulation) in pasteurized milk stored in commercial cartons is important. Ability of organisms such as those we isolated and studied to grow at low temperatures increases their importance in attempts to extend the shelf life of fluid dairy products.
